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Description 

MODULAR CERAMIC OXYGEN 

SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application Serial 
No. 60/319,507, filed August 28, 2002, entitled MODULAR CERAMIC 
OXYGEN SYSTEM. 

BACKGROUND OF INVENTION 

[0002] /. Technical Field. 

[0003] The invention relates to the field of gas separation devices. More 

specifically, devices that use an electrochemical process to separate 
one gas (oxygen for example) from a mixture of gasses (air for 
example). 

[0004] 2. Background Art. 

[0005] 

In one embodiment of a gas generating system, a solid-state process is 
used to separate oxygen from atmospheric air for medical use. Such a 
device is called a ceramic oxygen generating system or COGS. The 
ceramic electrolyte used in the oxygen separation process must be 
maintained at a temperature of approximately 600A°C or higher for the 
ionic transport mechanism to operate efficiently. In addition, a fairly 
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uniform temperature distribution with the separation furnace is essential 
to proper and efficient system operation. 

[0006] A significant problem arises when the product flow rate from the system 
is turned down. For any given operating temperature, the heat 
dissipated by the separation modules is roughly proportional to the 
square of the product flow rate while conductive heat losses through 
the furnace walls are essentially constant. An efficiently designed 
system is thermally balanced such that the heat dissipated by the 
modules is just slightly less than what is required to maintain the 
desired furnace temperature. 

[0007] As product flow rate is reduced, the heat input to the system by way of 
the separation modules decreases very rapidly. Since the heat loss 
through the furnace wall remains unchanged, supplemental heat 
(supplied by of auxiliary heaters) will be needed in order to maintain the 
furnace at the desired operating temperature. This auxiliary heat input 
has no functional value, save for maintaining temperature, and a 
significant fraction of it becomes an unrecoverable loss due to 
conduction through the furnace walls and other losses. Stated simply, a 
single furnace enclosure properly sized for one product flow rate can 
have an excessive, overhead, heat loss when that flow rate is reduced. 

[0008] | n addition, in a larger furnace as the input power to the modules is 
decreased and the input power to the auxiliary heaters is increased, 
temperature uniformity in furnace may be adversely affected. This is 
due, in part, to the very different surface characteristics and geometric 
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shape factors between the separation modules and the auxiliary 
heaters. Reduced performance and possibly reduced system life may 
result from this lack of temperature uniformity. 

[0009] While the above cited references introduce and disclose a number of 
noteworthy advances and technological improvements within the art, 
none completely fulfills the specific objectives achieved by this 
invention. 

SUMMARY OF INVENTION 

[0010] In accordance with the present invention, an oven insert for a gas 
generating system of the type that includes heating elements, heat 
exchanger, a gas generating module, an air inlet, and a product gas 
outlet, comprises a furnace enclosure member formed with a plurality of 
interior chambers. The interior chambers are adapted for holding at 
least one gas generating module. The interior chambers each have an 
opening formed an exterior face of the furnace enclosure member. The 
openings are uniformly separated along a central axis of the face of the 
furnace enclosure member. 

[001 1] The furnace enclosure member preferably includes embedded heater 
elements providing uniform heat distributed about the interior 
chambers. 

[0012] 

These and other objects, advantages and features of this invention will 
be apparent from the following description taken with reference to the 
accompanying drawings, wherein is shown the preferred embodiments 
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of the invention. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] A more particular description of the invention briefly summarized above 
is available from the exemplary embodiments illustrated in the drawings 
and discussed in further detail below. Through this reference, it can be 
seen how the above cited features, as well as others that will become 
apparent, are obtained and can be understood in detail. The drawings 
nevertheless illustrate only typical, preferred embodiments of the 
invention and are not to be considered limiting of its scope as the 
invention may admit to other equally effective embodiments. 

[0014] Figure 1 depicts a schematic of a complete oxygen generating system 
10 utilizing an electrochemical oxygen generator in the form of a 
modular ceramic oxygen generator. 

[0015] Figure 2 is a schematic diagram depicting a cross section of the 
ceramic oxygen generating system depicting the oven, insulation, 
modules, heaters, planar counter flow heat exchanges, air flow 
dampers and fan. 

[0016] Figure 3 is an isomeric view of an oven chamber module of the present 
invention. 

[0017] Figure 4 is a top view of the oven chamber module of Figure 3 with a 
depiction of equal gradient temperature lines. 

[0018] Figure 5 is a top view of an alternative embodiment of the present 
invention having a chamber for thermal insulation formed in an 
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interstitial wall. 

DETAILED DESCRIPTION 

[0019] So that the manner in which the above recited features, advantages, 
and objects of the present invention are attained can be understood in 
detail, more particular description of the invention, briefly summarized 
above, may be had by reference to the embodiment thereof that is 
illustrated in the appended drawings. In all the drawings, identical 
numbers represent the same elements. 

[0020] U.S. Patent No. 5,985,113 issued on November 16, 1999, U.S. Patent 
No. 5,871,624 issued on February 16, 1999 and U.S. Patent No. 
6,194,335 issued on February 27, 2001, all of which are incorporated 
herein in their entirety and assigned to the instant assignee, teach how 
an electrochemical oxygen generating device can be manufactured that 
not only generates oxygen, but can be used to deliver the oxygen gas 
at pressures exceeding 2000 psig. It should be understood that terms 
such as "left" and "right" as used herein are to be construed in the 
relative sense and that the present invention is usable in any 
orientation. 

[0021] pjg Ure 1 j|| us t r ates a schematic of a complete oxygen generating 

system 10 utilizing an electrochemical-oxygen generator in the form of 
a modular ceramic oxygen generator. This schematic depicts a power 
supply and controller 20 that supplies electrical power to an oven 
heater 24 to raise the temperature within the operating range of an 
oxygen-generating module assembly 22. The oxygen-generating 
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module 22 assembly can include one or more oxygen-generating 
modules such as those disclosed in U.S. Patent No. 5,871 ,624 and 
U.S. Patent No. 5,985,113. 

[0022] 

The temperature range in an oven chamber 26 may be about 500 to 
800 degrees Celsius, depending on the materials used to construct the 
oxygen-generating module assembly 22. The oxygen-generating 
modules 22 are positioned in the oven chamber 26. After the oven 
chamber 26 reaches the minimum preferred operating temperature, as 
detected by at least one thermocouple 28 mounted in the oven 
chamber 26, the controller 20 begins to apply electrical power to a fan 
motor 30 to deliver oxygen-laden air through a counter-flow heat 
exchanger 32 into the oven 26 chamber to a module assembly 21 
including at least one module 22. The controller 20 also delivers 
electrical power to the modules 22, and oxygen is electrochemically 
generated, as taught in U.S. Patent No. 5,871,624 and U.S. Patent No. 
5,985,1 13. Depending upon the amount of oxygen to be generated, the 
amount of electrical power can be varied. As electrical power is 
delivered to the modules 22 and oxygen is generated, electrical 
resistance within the modules 22 generates additional heat. To 
compensate for this additional heat, the controller 20 reduces power to 
the oven heater 24, to maintain the desired nominal operating 
temperature in the oven chamber 26. The oxygen being generated is 
delivered to a product plenum 34, which acts as a temporary oxygen 
storage vessel. The oxygen is delivered from the product plenum 34 to 
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a low-pressure regulator 36, final filter 38, check valve 40, flow meter 
42, and lastly a user-adjustable valve 44 for immediate use, for 
example, by a patient. 

[0023] Oxygen may also be delivered to a high-pressure connection that 

allows connection 50 of a removable portable oxygen storage cylinder 
52. The portable cylinder 52 is filled automatically and can be used 
later. The controller 20 applies appropriate electrical power to the 
modules 22 to generate oxygen at elevated pressures until a high- 
pressure switch 54 detects a pressure over about 1800 psig. Upon 
exceeding 1800 psig, the controller 20 reduces power to the modules 
22 until pressure at the high-pressure switch 54 falls below 1800 psig. 
The controller 20 also electrically monitors the low-pressure switch 58. 
This switch 54 enables regulation of the pressure delivered to the 
product plenum 34 and high-pressure connector 50 to a nominal 
pressure of about 1800 psig. A high-pressure relief valve 56 vents 
excess pressure above about 2000 psig, in the event of a malfunction 
of the controller 20 to limit the nominal pressure to less than 2000 psig, 
and to relieve excessive temperature-related pressure increases. It 
should be understood that the maximum normal operating pressure is 
approximately 1800 psig. The controller 20 also electrically monitorsthe 
high-pressure switch 54. If the operating pressure is below the 
minimum operating pressure after a given period of time, then the 
controller 20 activates a warning light and audible alarm (not shown). 

[0024] 

Figure 2 illustrates a cross-section of the ceramic oxygen generating 
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system depicting the oven 26, insulation 200, oxygen-generating 
module assemblies 22, heaters 24, planar counter-flow heat 
exchangers 32, air-flow dampers 202, and fan 30. The counter-flow 
heat exchanger is a very effective, simple, low-cost design approach. 
As depicted in Figure 2, four oxygen generating modules 22', 22", 22'", 
22"" from the oxygen-generating assembly 21 although any number of 
modules can be used. The oxygen-generating modules 22', 22", 22'", 
22"" are manifolded together by tubes 23', 23", 23 "'. An outlet tube 25 
passes through the wall 210 to provide high-pressure oxygen to the 
product plenum 34 and the high-pressure connection 50. 

[0025] Cool fresh air is heated before the air enters the inner oven, and the hot 
air is cooled before it exits the oven 26; thereby, conserving energy. In 
a planar counter-flow configuration illustrated in Figure 2, the fan 30 
introduces cool, oxygen-laden air into the channels 280, 282 between 
the outer surface of the inner walls 220, 222 made of oven insulation 
200 and the inner surfaces 250, 252 of the heat exchanger wall. This 
cool air is heated as it passes inward along the heat exchanger wall, 
because hot oxygen-depleted air is exiting outward from the inner oven 
26 on the other side of the heat exchanger wall. The incoming air is 
also partially heated by an outer surface of the walls 220, 222 of oven 
insulation 200, followed by an inner surface of the walls 220, 222 of the 
oven insulation 200, after a 180A° turn mid-way into the inner oven. 
Channels 280, 282 each flow from the fan 30 from left to right and then 
reverse and flow from right to left. 
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[0026] Electrical resistance is inherent to electrochemical oxygen generating 
systems that utilize electrical potential energy rather than chemical 
potential energy as a driving force. The electrochemical oxygen 
generating modules 22 generate heat as well as oxygen. Too much 
oven insulation 200 and very efficient heat exchangers could result in 
runaway oven temperatures. One method of temperature control is to 
ensure that some amount of heater activation is always used to 
maintain the normal operating temperature, after the initial startup 
period of time. Another method is to adjust the fan 30 speed to cause 
additional air to be circulated through the oven 26 carrying away the 
excess heat. The controller 20 monitors the temperature in the inner 
oven 26 using one or more strategically placed thermocouples 28 (not 
shown in Figure 2) to ensure that the oven temperatures are normal. 
The controller 20 uses this information to adjust either the heater 24 
voltage or fan 30 speed to control the temperature of the inner oven 26. 

[0027] 

As depicted in Figure 2, six air dampers 202 are used in the 
embodiment depicted in Figure 2. Three dampers are each mounted to 
walls 260, 262 with the dampers 202 being positioned between 
modules 22 and opposite each other. The air dampers 202 shown allow 
some oxygen-laden air to enter the module chamber or inner oven 26 
before completing the entire heat exchanger flow-path to the inner 
oven. If all oxygen-laden air were forced to traverse the entire heat 
exchanger flow-path, a higher temperature gradient would occur across 
the series of modules 22 in the oven. The air would be progressively 
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heated as it passes over each module 22. Allowing some air to enter 
near the latter modules 22'", 22"" provides a more uniform temperature 
across the modules 22'and prevents modules 22"', 22"" from possibly 
over-heating. These dampers 202 are adjustable and can be manually 
adjusted during the assembly of the system 10 and during an initial 
start up test process after completion of the manufacturing and 
assembly process of the system 10. These dampers 202 include 
damper flaps 204 which are mounted to a suitable cylindrical rod (not 
shown) that extends through the inner oven insulation and support 
structure to outside the inner oven 26. The external ends of the damper 
rods can be rotated and secured in the preferred orientation during the 
assembly process. Alternately, the dampers could be adjusted 
automatically by the controller 20, based upon the inner oven 26 
temperatures measured by the thermocouples 28. Several types of 
electromechanical damper actuators are available that could be used. 

[0028] Modular Oven Chamber 

[0029] 

The basic concept of the present invention is to improve overall system 
efficiency by employing several smaller separation furnaces instead of 
one large one. These smaller modular furnaces are thermally optimized 
(in terms of heat loss and temperature uniformity) to operate in a 
relatively narrow range product flow rates. As demand on the system 
increases, additional modules 22 are turned on to meet the increased 
demand for the product gas. When demand decreases, individual 
module assemblies 22 are either turned off or switched to a lower- 

APP_ID=1 0604 1 1 7 Page 1 0 of 22 



temperature "standby" mode to conserve power. One embodiment of a 
modular furnace enclosure 1 10 is shown in Figure 3. This furnace 110 
has three' separate heated chambers 1 12a, 1 12b, 1 12c that may be 
operated independently of each other. 

[0030] Similar to the manner described with respect to Figure 2, preferably a 
module assembly including at lest one module 22 is fitted within each 
chamber 112. Additionally, each of the oven chambers 112 should 
have at least one heater 114 and a controller 1 16 affecting the 
electrically connected and responsive heater 114. It is preferred that 
the heaters 114 are formed within or embedded within the interior of the 
chamber walls 118 such that each chamber 112 is effectively, uniformly 
heated by the corresponding heater 114. 

[0031] The oven insert 1 10 for a gas generating system of the type that 

includes heating elements, heat exchanger, a gas generating module 
22, an air inlet, and a product gas outlet, includes a furnace enclosure 
member 120 formed with a plurality of interior chambers 112. The 
interior chambers 1 12 are adapted for holding at least one gas 
generating module 22 and are separated one from another by an 
intermediary interstitial wall 130. The interior chambers 112 each have 
an opening 122 formed in exterior face 124 of the furnace enclosure 
member 110. The openings 122 are preferably uniformly separated 
along a central axis 126 of the exterior face 124 of the furnace 
enclosure member 110. 

[0032] Tne g as generating components, such as the gas generating module 
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22, can be positioned within the oven insert 1 10 by being mounted in 
the selected chamber 112 through a respective opening 122. 

[0033] One key feature to realizing the power saving potential of the present 
modular configuration is the completeness or adequacy of thermal 
isolation between furnace modules 1 12. The necessity of good thermal 
isolation between modules 112 has been suggested by analyses and 
borne out in laboratory tests. 

[0034] Figure 4 shows results of a 2D finite element thermal analysis of the 
furnace configuration previously shown in Figure 3. In the depicted 
analysis in Figure 4, only the center module 1 12b is operating. Equal 
temperature gradient distribution lines 128 are shown. The relatively 
thin interstitial center walls 130 between the center 1 12b and outside 
furnace modules 1 12a, 1 12c does not typically provide adequate 
thermal isolation. Consequently, a significant amount of heat may be 
lost into the non-operating modules. This problem is simply remedied 
by adding more insulation between the furnace modules 1 12 or 
between oven chamber modules or furnaces 110. 

[0035] The walls 1 18 of the furnace module 1 10 are made from suitable 

thermally insulating material that is selected to maintain stability at the 
operating temperatures of the gas generator. 

[0036] 

Referring to Figure 5 a type of insulation for the interstitial walls may be 
a chamber or a passageway 132 may be formed or embedded within 
the interstitial wall 130 for containing or passing a fluid or a gas or 
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creating a gas envelope to reduce thermal conductivity from and further 
isolate one interior chamber 1 12 and an adjacent chamber 112. 
Alternatively, a series of bore holes 132 (Figure 4) formed in the 
interstitial wall 130 may pass a selected thermal conductive or thermal 
non-conductive fluid or gas to further heat, cool or regulate the 
temperature of the interior wall 130 and the surrounding environment. 

[0037] Yet another alternative of insulation would be to form the interstitial wall 
130 from a different material having a desired thermal conductivity 
characteristic. As an example lines 134 in Figure 5 depicts a boundary 
with wall portion 136 being formed from the different thermally 
insulating material than the remainder of the chamber walls 118. 

[0038] With reference to Figure 6 optionally the furnace enclosure member 
110 could be formed from at least two separate enclosure bodies 140. 
Each separate enclosure body 140 has at least one interior chamber 
1 12, although there could be enclosure bodies with either no interior 
chambers or with more than one interior chamber. The separate 
enclosure bodies 140 preferably have an outer surface 142 formed to 
be compatible with an outer surface or face 142 of an adjacent 
separate enclosure body 140. 

[0039] Such insulating methods and other insulating techniques would further 
isolate one chamber 122 from another and tend to create a thermal 
barrier comprising the separator walls 130. 

[0040] 

In summary, a COGS "module" consists of several ceramic oxygen 
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generating elements or Integrated Manifold and Tube modules (IMATs) 
inside an oven insert or enclosure (including insulation, heating 
elements, heat exchanger, an air inlet, and a product gas outlet). Each 
module produces a specific amount oxygen at a given level of power 
consumption. Oxygen generating systems are composed of a number 
of modules that depends on the peak oxygen flow requirement, system 
size requirement, and power consumption requirement. 

[0041] The present invention of modularizing the oven enclosure along with 
the oxygen generating elements has several advantages: 

[0042] a. Temperature uniformity and control: As enclosures containing, 

ceramic oxygen generating, elements become larger and contain more 
modules, temperature gradients within the enclosure become larger 
and more difficult to control. Having several smaller enclosures allows 
more precise control and more uniform temperatures. 

[0043] b. Fault tolerance: In the case of a malfunction involving an oven 

component, the module containing the malfunction can be shut down 
while other modules continue to operate. The remaining modules can 
either be operated in standard mode or in a higher output mode, to 
compensate for the shut down of one module. 

[0044] 

c. Improved efficiency at lower flows: Thermal conduction through the 
walls of the insulated enclosure is a significant source of power 
consumption. In the case where a fraction of the peak flow is required, 
one or more of the oven modules can be shut down to reduce overall 
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system heat loss versus a single enclosure device. 

[0045] The increased system efficiency and improved thermal stability possible 
using the present modular design does come at a certain "cost." Some 
of the potential disadvantages to such a furnace design are: 

[0046] 1 . Significantly increased control complexity. 

[0047] 2. Increased system size and weight. 

[0048] 3. Significantly increased system response times when modular 
furnaces are placed in "stand-by" mode or turned off. 

[0049] The foregoing disclosure and description of the invention are illustrative 
and explanatory thereof, and various changes in the size, shape and 
materials, as well as in the details of the illustrated construction may be 
made without departing from the spirit of the invention. 
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